Robert Koch's discovery of the tubercle bacillus in 1882 was a major event in the history of medicine, a turning point in our understanding and conquest of that deadly disease which had plagued mankind for millenia. After centuries of speculation as to the possible infectious nature of tuberculosis, Koch proved conclusively that the cause of the disease was infection by a specific micro-organism which he isolated. In tuberculosis, both seed and soil play their part, but without the seed-the tubercle bacillus-there is no disease.
On the occasion of the centenary of Koch's discovery of the tubercle bacillus, we pay tribute to the father of the modern scientific approach to the management of tuberculosis.
Life of Robert Koch
Robert Koch, the son of a mining engineer, was born on 11 December 1843, in Clausthal, a There were many (and these included Virchow) who found it difficult to accept that the bacillus which Koch demonstrated was the cause, and not merely an accompaniment, of the disease. Gradually, however, even the most dubious and sceptical were converted to the new knowledge.
As with most major scientific discoveries, there were rival claims for priority of the discovery of the tubercle bacillus. Baumgarten and Aufrecht had perhaps seen the bacillus in tuberculous material around the same time as Koch, but they were unable to stain and demonstrate it as Koch had done. As Rene and Jean Dubos have written: "In science the credit goes to the man who convinces the world, not to the man to whom the idea first occurs."
Staining of the tubercle bacillus
The great Paul Ehrlich , then assistant to Professor von Frerich at the Charite Hospital, Berlin, had been present at Koch's lecture on 24 March 1882. Ehrlich was then aged 28 years. He subsequently wrote: "The evening stands in my memory as my greatest scientific experience." During the lecture, Ehrlich recalled seeing, in various materials including sputum, bacilli similar to those demonstrated by Koch. Immediately the lecture was over, he obtained from Koch a pure culture of tubercle bacilli and that same evening he hastened to his laboratory at the Charite and experimented with various stains. Ehrlich had already devised a stain for mast cells, using aniline water, fuchsin and gentian-violet. He now experimented with these stains to demonstrate tubercle bacilli. He used a shorter staining time (15 to 30 minutes, instead of Koch's 24 hours) and he also applied 30% nitric acid and alcohol for a few seconds in order to decolourise the surrounding tissues, while the tubercle bacilli retained their stain. On counterstaining with a yellow or blue dye, the red tubercle bacilli showed up more clearly than by Koch's method.
It was by accident that Ehrlich learned of the benefit of heating the slide. In his laboratory there was a small iron stove in which the fire had been out for some hours that evening. Before returning home, he placed the stained preparations to dry on the top of the cold stove. The next morning he was annoyed to find that the stove had been lit, but when he examined the slides he was astonished to find the Koch had a dry sense of humour, and when once asked how long it was necessary to flame a slide when staining for the tubercle bacillus, he replied, with a twinkle in his eye: "As long as it takes to say: 'Robert Koch is a great man!' " "Die aetiologie der tuberculose" After publication of his first paper on the tubercle bacillus in April 1882, Koch continued his researches in tuberculosis. In 1884, he published a more comprehensive paper, "Die Aetiologie der Tuberculose," in the second volume of Mittheilungen aus dem Kaiserliche Gesundheitsamt (Reports of the Imperial Health Office).
In his 1882 paper, Koch had omitted to give adequate credit to previous research workers and was especially criticised for his perfunctory reference to the important experiments of Villemin. This omission may well have had nationalist and political undertones. He did however make passing reference to the work of his own countrymen, Cohnheim, Salamonsen, Baumgarten, and Tappeiner. However, in the fuller 1884 paper, Koch rectified this, and gave credit to all, including John Tyndall, and especially to Ehrlich for his staining technique, which superseded Koch's original methylene-blue method. It was in this classic paper, a masterpiece of medical literature, that Koch described his postulates -the stringent criteria which an organism must fulfil before it can be considered to be the cause of an infectious disease: (1) the organism must be isolated Sakula from the diseased tissues in every case of the disease; (2) the organism must be grown in pure culture; (3) inoculation of a susceptible animal with the organism must reproduce the same disease; (4) the organism must be recovered from the infected animal and be grown again in pure culture.
Koch and tuberculin
Although Koch was involved later with many other bacteriological problems, he continued to take a special interest in tuberculosis.
In 1890, the Tenth International Medical Congress was held in Berlin, where Koch read a paper "On Bacteriological Investigation". It was on this occasion that he dropped a bombshell by announcing that he had a substance which hindered the growth of tubercle bacilli, cured tuberculosis in infected guinea-pigs and would probably be useful in the treatment of human phthisis, especially in its early stages.
Later, in the autumn of 1890, Koch published a paper on the subject which began:
"In a communication which I made a few months ago to the International Medical Congress, I described a substance of which the result is to make laboratory animals insensitive to inoculation of tubercle bacilli, and in the case of already infected animals, to bring the tuberculous process to a halt." What Koch described was known later as the "Koch Phenomenon" that is, resistance of an infected animal to reinfection. Koch at first gave no details of the preparation or composition of this substance, which he considered had diagnostic as well as therapeutic potential, and he emphasised that his researches were not yet concluded. The substance came to be referred to as "Koch's Lymph." However, so much pressure, both national and international, was brought to bear upon him that by January 1891, he published a further paper which divulged that the substance was a filtrate from a growth of tubercle bacilli on glycerol broth. 
Conclusion
The science of bacteriology owes its origin to two men of genius, Louis Pasteur and Robert Koch. As Webb has written, Pasteur may be described as master-architect and Koch as master-builder of the science. In the field of tuberculosis, Koch's discovery of the tubercle bacillus and tuberculin revolutionised the management of this disease.
On the occasion of the centenary of the discovery of the tubercle bacillus, we salute Robert Koch whose contributions to bacteriology and tuberculosis place him among the medical immortals.
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